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Testing the Adler sum rule is generally recognized to be crucial to 

the application of presently accepted concepts of current algebra and 

constituent models at high energy. (1) Similarly the Gross-Llewellyn Smith 

(GLS) sum rule test specifically for constituents with Gel1 %nn-Zweig 

quark quantum nuirbers.(*) It is generally accepted that experimentally 

testing these sum rules will be extremely difficult and that the sum 

rules may converge slowly. However, a closer look indicates that, pro- 

vided ,Bjorken scaling holds, there are simple moments of experimentally 

accessible quantities that are directly related to the sum rules. Further- 

mre, inthis case, it appears that a knowledge of the flux of neutrinos 

and anti-neutrinos is not necessary, but only the weaker condition that 

the relative ratio of neutrinos and anti-neutrinos is known. Indeed, the 

simultaneous production of neutrinos and anti-neutrinos using a broad 

band unfocussed beam allows the required tiledge of the relative flux. 

Using this method we anticipate that the Gross-Llewellyn Smith sum rule 

can be crudely tested in the near future using neutrino carbon and anti- 

neutrino carbon interactions in large calorimeter neutrino detectors. (4) 

Testing the Adler sum rule will require the introduction of a hydrogen 

target in such experiments.(4) 

Consider the ratios of the form 5,6 

<f(Q2, 
/f(Q', 

Eu)> = 
EP~~d20/dQ2dE,,~dQ2dB~ 

!(d20/dQ2dSP)dQ2dB, 

(1) 

where <f> can be chosen to be <Q2/2mEv>, <Eu/EV>, etc. and are moments of 

the neutrino cross section distribution da/dQ2dEv that are related to the 

experimental quantities 
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Zf.N. 
<f’ = * 

(2) 

where Ni is the number of events for which f = fi. The quantities <f> 

will be independent of the nelutrino flux over the neutrino enera inter- 

val AE in the scaling limit. Using the scale invariant form of the neu- 

trino and anti-neutrino cross section,7 

d2a%7 

tidy 
255~~ (X)(lbY) 'TI t-2 + ; Y*~2xFlw1 7 y(1 - ?j y)1cxF3(x)l 1 

(3) 

where 

Q2 -1 
x=2mv- wandy=; 

and where Fl, F2 and F3 are the neutrino structure functions and with the 

minus signmtaken for neutrino interactions. We specify two different tar- 

gets d and p where d refers to an I = 0 target with equal ntiers of pro- 

ton and neutron targets and p refers to a hydrogen target. We then consi- 

der two classes of structure functions 

F;?x,; F$ 

and 
vd Td 

Fi(xf; Fi(x) 

and it follows that (for d = n f p); 

-@ = F:d 
1 i = Fyp + Fr” = F’p + FFn 

i i 

(4) 

and for a Cl2 target 
vc F. 1 = 6FYd. 

In the scaling let the Adler and Gross-Llewellyn Smith sum rules can be 

expressed as 



+F; - Fy) = 2 (Adler) 

q 

(5) 

= &(FF - F;p, = 2 (Adler) 

IF+ = /d"( FvP + FVn 
w2 3 

3 ) = &Fvd, = -G(GLS) 
w2 3 

We consider the GLS sum rule first end form the mean values 

?id,vd 
= id2,vdyvd dxdy,u- 

dxdy x vd,vd 

subtracting the quantity (o~~/o;;~)~w~~~ from <ti>vd gives 

sd vd 
u- 

( vd fCGdU 
-) <w>- - <w> vd = 

- - &)idxdy x dxdv 
ati vd 'vd 

(6) 

(7) 

(8) 

2 1 
= ' [+ + + - +R>] 

fF;ddx, 

where <L> and <R> are defiwd by Bjorken and Paschos (8) ,and 0 vd; vd U- are 

the total cross sections. 

In the scaling limit the ratio of total cross sections aTd/ovd be- 

comes constant. Present CE?N data suggests that this value is 

u- /u vd vd = $1 + E) (9) 

where E is less than 0.15.' For simplicity we derive illustrative re- 

sults based on E + 0, keeping in mind that if E is found to be larger at 

high energies the equations can be appropriately &if&l. The resulting 

equation is 

(u&uvdNW>~ - <w’vd = ; ;Fvddx 
O3 
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For Gel1 Mann-Zweig quark constituents we find 

u- 
-a> vd 

vd - ew>-- = 4 vd vd 

and for unit baryon n~er constituents 

(11) 

implying a considerable difference between the first moment of o for the 

tm cases. Verification of relation (11) requires only a lolowledge of 

the ratio uiid/uvd and the moments of the w distribution for yd and vd scat- 

tering, and, of course, that the sum rule converge in the accessible neu- 

trino energy range. 10 

Turning to the Adler sum rule and assuming that the Callan-Gross re- 

holds, we derive 

F2 q 2xF1 

; :CFvn - 
(cr- ) 

0 2 
F;p]?$ + $ = a<~>- s-i% - Wvp] 

vpP"p) 

where 

R = (o~~U&O>~~ - <Ovd 

(13) 

(14) 

(15) 

Fxperimental measurement of R as well as the ratios u vplavd' %P%p and 

the two moments of o, <&lip and <w> 
VP allow a test of the Adler sum 

rule. Assuming both the (GLS) and Adler sum rules relation (14) can be 

rewritten as 

+pup - +>-J = ; 
VP L 

(16) 
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A direct measurement of uvp/avd can be made independent of neutrino flux 

if a hydrogen target and a carbon target are simultaneously exposed to 

the same neutrino beam, whereas the ratio a- /U 
UP VP 

requires a hydrogen tar- 

get exposed to a mixed neutrino-anti-neutrino beam of known ratio. 

There are also an inftite number of sum rules given by 

$fxn$fd,& + $$+'(F~ - F;P)& 

: (k r<X~QJ~p,uvp) f ‘xn>w 1 
“vd 

(17) 

Using the Llewellyn Smith 13 relation (which assumes non-integral charged 

quarks) with the Callan-Qross relation 11 

12CFp - FYI= $Fy - FYI q [Fip - FF, 

relation (17) can be rewritten as 

(18) 

$xn(F;d)d + 2/x"[Fy - Fy]dx 

: + <x”> 
VP3 

(19) 

Relation (19) implies that a direct experimental relation should obtain be- 

tween moments of x measured in charged lepton scattering and the moments 

measured in neutrino interactions. The first tie moments (n = 0 and n q 1) 

can be evaluated giviilg, for n = 0 

$'Fzddx + 2i[Fr - Fp]dx = (3) + 
'vd 

&3 
'vd 

and for n = 1 

$iF;ddx + 2fxCFT - FFldx 

(20) 

(21) 
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Using the best estirrates for the neutrino integrals 5,14 

/Fzd& = Z(O.49 + .07) 

q .98 * .14 

and 

fxF;ddx = 2C.12) = .24 

and the electroprcduction integrals 15 

/(Fy - FT)dx = 0.05 

and 

Ix(Fy - FT)dx = 0.016 

we find 

c? 
ua 
uvd 

+ L = $98 ?: .l’t) + Zi(FT 
'vd 

- Fy)dx 

and 

+ <x'~~] = .16 + 21xCFI;" - FF), 

= .13 

(22) 

(23) 

(24) 

(25) 

(26) 

Experimental verification of relations (26) and (27) would constitute a 

partial test of the Llewellyn Smith relation (181, implying a point by 

point relation between the structure functions measured in electrometic 

and weak lepton inclusive interactions. 

Although the testing of the Adler and GLS sum rules will undoubtedly 

be extremely difficult, it is not necessary to separate the'structwe func- 

tion point by point but instead only the first ilDments of the distribution 

and some relative -ss sections measurements are required. In addition, 

there exists an infinite set of sum rules relating the rwments of the x 
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distributions r;,easxred in electmmgnetic and weak scatteriig prccesses, 

provided the Llewellyn Cmith relation holds. Testing these sum rules 

would constitute an mortant test of the nonintegral charge quark model. 

Even if relation (18) wepe found to be incorrect experimentally, it is 

still expected that a similar relation between the weak and electrcxmgne- 

tic structure functions might hold and that a ,Elation analogous to (19) 

would be discovmed. Clearly a prameterization of the eqerimsntal data 

in term of mments would be imprtant in this regard. 

We wish to thank J. D. Bjorken for a useful discussion. 
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